The group choosing to discuss the threshold concepts of knowledge, evidence, complexity and uncertainty had a difficult task: we initially agreed to attempt to define terms before entering the discussion proper, with only a little success. Knowledge was variously described as: knowing ways or means of dealing with information; recalling and remembering specific information; understanding of universals and abstracts. One given definition is as follows:
"Knowledge is information combined with experience, context, interpretation and reflection. It is a high-value form of information that is ready to apply to decisions and actions." (Davenport,T. et al., 1998 ) While this particular definition does not cover the active idea of 'understanding' or 'claiming to know something', it does equate knowledge with the combination of information and experiences. Brief summaries of the mechanisms behind arguments and knowledge claims by Steve Toulmin can be found online at the ChangingMinds website under 'Making the argument'.
Evidence was thought to refer to anything that is used to determine or demonstrate the truth of an assertion (moving the discussion briefly into the concept of 'truth', which we will not cover in this summary).The group was aware that evidence often has specialized meanings when used with respect to specific fields, such as criminal investigations, the legal field or scientific research and felt it was important to point out these differences to students.
Uncertainty and complexity did indeed bring about uncertainty amongst the group in terms of their definitions. Is uncertainty the absence of knowledge? The general encyclopedic definition tends to follow along the lines of 'being unsettled or in doubt.The state of being unsure of something', but does not mention the division of objective versus subjective uncertainty, where objective uncertainty relates to randomness linked to the likelihood of something being true, and subjective uncertainty depends on an observer's opinion about the true value of information. In terms of complexity, the group considered whether it is the opposite of simplicity. Again, it was noted that some fields of study have specific definitions of complexity.
The discussion group all agreed that in the context of the disciplines of geography, earth and environmental sciences, understanding of the concepts of knowledge, evidence, complexity and uncertainty was essential for students. Certainly, considering the definition of threshold concept taken from Davies and Mangan (2005) , it was agreed that the concepts being discussed were all threshold concepts and often proved troublesome for students at many different levels of learning.
"...
[I]t is integrative in that a student who fully understands this concept will recognise and use this same tool in different areas of the discipline and it may be transformative in that understanding gained from use in a particular discipline area may lead to deeper understanding of a topic in a very different area. On that basis it is possible to argue that this is a 'threshold concept'." (Davies and Mangan, 2005) The first keynote of the session had touched on the notion of student 'baggage': that is the previous learning and life experiences brought by students to the classroom. At its most basic level, it was agreed that it could seem counter-intuitive for students to move from the 'certainty of knowledge' that seemed to be taught at schools to the idea of 'uncertainty' that was introduced at university. However, it is important that this perceived 'lack' of understanding at school level is not assumed: it seems an easy scapegoat. Maybe the question needs to be asked of educational researchers at school level: are students taught certainties? Is the world really presented to them in black and white, or is it a combination of their schooling and their interactions with their peer and family groups, or is it our society that is to blame for enclosed thinking?
Therefore, it would seem sensible for university teachers to determine the level of students' sophistication in terms of the ideas they hold, the gaps in their knowledge and any incommensurate world views they may hold.This links in with the idea of long-term 'multi-dimensional' student progression, working with students on essential and difficult concepts. It was suggested that for this to work, curriculum development needs to be non-linear, with the grounding of concepts occurring through the levels and across modules.
It was unanimously agreed that for all students to be able to think around these concepts, a number of elements needed to be in place, or at least considered by staff:
• Build a culture of discursive safety so that students need not fear failure.
• Encourage positive criticism within student and staff groups.
• Recognize that both staff and students have an emotional investment in their education and in the development of ideas. • Recognize that both staff and students come with their own context/truth/perspective. • Explicitly model the intellectual processes required by students.
• Understand that there is often a lag-time for the integration of knowledge, ideas and understanding.
• Consider whether staff want to be / should be viewed as the authority or the expert. Interestingly, in terms of the last element, there was some disagreement as to whether teachers should act in a more facilitatory manner, or whether they actually have a responsibility to hold the status of expert.
Further suggestions on ways of approaching these concepts were discussed, with a number of ideas emerging as essential for students' progression: was worthwhile considering different mechanisms of teaching, there was a possibility that new dogmas might push out excellent but 'less exciting' methods of teaching.
• The uncertainty of knowledge and concepts: these depend on context and time of learning.This understanding leads to the concepts of dynamic truth and the idea of provisionality.
• The progression of human thought: current thinking is not the end! • 'Challenge critique': students need to develop the ability to challenge ideas and develop their critical facilities, rather than be swamped with information. The final question asked of the discussion group was more practical: how do we actually go about developing the students' learning in these areas? Some thoughts were provided on the realities of teaching and learning and what teachers could do to help students with threshold concepts and troublesome knowledge. Ideas included the following:
• Discuss the idea of the dynamic rather than the final.
• Use historical and real-life examples of scientific development, e.g. plate tectonics or climate change.
• Show that it is alright not to know and that 'what we know today, we didn't know yesterday.' • Provide illustrations of complexity at different levels, both broken down into individual parts and holistically.
• Use recent metaphors for complex systems.
• Encourage student debate.
• Consider using role-playing scenarios.
• Use collaborative and peer teaching, building a community of learning amongst the students. It was agreed that the pedagogic challenge facing the teacher is to balance the intellectual excitement and challenge of threshold concepts and troublesome knowledge against the potential for disenchantment of the student.With the widening of student backgrounds and experience, it may seem worryingly easy to leave students behind, making them worried and depressed about their lack of understanding. Do we need, therefore, to look at different ways of learning? Concern was voiced that there might be a move towards 'change for change's sake', and that although it Evidence: anything that is used to determine or demonstrate the truth of an assertion.
Complexity: the opposite of simplicity; something intricate or complex, made up of various interconnected parts.
Postscript
In terms of a timely 'real-life' example referencing uncertainty, risk and modelling, the recently published Stern Review on climate change might be of interest to readers.The Executive Summary can be found at http://www.hm-treasury.gov.uk/media/8AC/F7/ Executive_Summary.pdf . 
